Abstract. We estimated local annual survival of 1,051 individually color-banded Dunlin (Calidris alpina) at Bolinas Lagoon, California from 1979 to 1992. Resighting rates for birds banded as adults varied significantly among years, and resighting rates for first-year birds varied by sex and year. No significant differences in local survival rates were found between males and females in any age classes. First-year birds had lower local survival rates than adults. We suspect that raptor predation accounted for much of this difference and other variation in survival rates. Adult Dunlin had lower local survival rates in the year of capture than in subsequent years. Variation in resighting of some groups of individuals including transient Dunlin may account for some differences. However, capture and release of Dunlin may induce short-term behavioral changes that increase the risk of depredation by avian predators within the first few days after capture.
INTRODUCTION
Demographic data are critical for assessing the status of avian populations (Lande 1988), but estimating these parameters and identifying factors that affect populations usually requires long-term studies of marked individuals (Lebreton and North 1993). During the breeding season, a number of parameters including fecundity and survival of adults influences the annual production of young, whereas for the nonbreeding period, over-winter survival of first-year and adult birds determines population status. Demographic data such as mortality estimates are the key to life-history theory. However, the relative importance of mortality during different periods of a birds' life-history cycle, and its influence on population dynamics, is poorly understood and difficult to study.
Research on breeding shorebirds has produced a wealth of data on population dynamics Traditionally, return rates have been reported as minimum estimates of survival. Return rates are a composite of three rates: (1) the (true) rate of survival, (2) the rate of local site-fidelity, and (3) the rate of resighting (or recapturing). New statistical techniques based on mark-recapture data now allow estimation of (3) the rate of recapture @) (Burnham et al. 1987, Lebreton et al. 1992) . Local survival (4) is the product of rates (1) and (2), and as such is an improvement over return rates as it is a less biased measure of survival (Sandercock and Gratto-Trevor 1997). We used these improved mark-recapture analyses to obtain estimates of local survival and resighting rates of a color-banded population of Dunlin based on a 1Cyear study along the Pacific Coast of North America.
This race, C. a. pacijica, winters along the west coast of North America from southern Canada to Mexico (Warnock and Gill 1996) and exhibits strong fidelity to winter sites, including our study site, Bolinas Lagoon, California (Warneck et al. 1995). Previous work at this site demonstrated that first-year Dunlin are more likely to be depredated by raptors than adult birds (Kus et al. 1984) . Weather also influences survival rates of shorebirds. In Lapwings (Vunellus vanellus) significant variation in adult survival rates could be explained by mean winter soil temperatures and winter rainfall (Peach et al. 1994 ). Therefore, we tested whether sex, age, or annual conditions affected the local survival and recapture rates of wintering Dunlin. We also investigated potential capture effects by testing the null hypothesis that newly banded Dunlin had the same local survival rates as returning, previously banded Dunlin. Testing these hypotheses elucidated variables influencing local survival of Dunlin during winter months. The conservation of shorebirds relies on identifying these factors because the winter period is a particularly sensitive and poorly understood segment of shorebirds' life-history cycle (Myers et al. 1987 ).
METHODS

STUDY SITE AND CAPTURE TECHNIQUES
Bolinas Lagoon is a 587-ha estuary on the north-central coast of California. Birds were captured in mist nets near nocturnal roosts. From 1979-1992, 1,051 individuals were uniquely color-banded, and each bird received a metal U.S. Fish and Wildlife Service band. Dunlin were aged as either first-year birds (< 1 year old) or adults. First-year birds were identified by the presence of buffylchestnut-edges on the inner tertials or inner middle wing coverts. In adults, these feathers have white edges (Page 1974 ). We measured the length of the exposed culmen to the nearest 0.1 mm, and body mass to the nearest gram. Dunlin were sexed as male if their exposed culmen was I 37.7 mm, female if it was 2 39.8 mm, and as unknown if it was 37.8-39.7 mm (Page 1974 1996) . Likelihood Ratio tests were used to contrast models; the difference in deviances between two nested models was compared to a x2-distribution where the difference in number of parameters was used as the degrees of freedom. If the Likelihood Ratio Test was nonsignificant, the reduced model was accepted and tested against models with fewer parameters.
Factors tested in statistical models included sex (sex), year of study (t), age class (ac), and age at banding (grp). In modelling resighting and local survival rates, we started with fully saturated models that included sex, time and age class. We considered resighting rate first so that we had the best fit for p before we started modelling local survival. No effort was made to resight Dunlin in 1980, 1981, and 1989. The resighting rate was constrained to zero in those years, and these transitions were excluded from the totals of the number of parameters. We treated Dunlin banded as first-year and adult birds separately at first, and then compared them directly as different groups.
We followed conventional procedures outlined by Lebreton et al. (1992) in our modelling approach, but two points warrant further explanation. First, a two age-class term (2ac) was used to compare local survival in the year immediately following banding with subsequent years. A significant effect of age-class on local survival may indicate age-specific mortality rates, but it may also be due to handling effects, transiency or heterogeneity of capture. Second, the difference between sexes (or groups) was sometimes constrained to be a constant difference in every year by using an additive model (sex+t). Comparing an additive and saturated model (sex*t) is similar to testing whether the interaction term is significant in a two-way ANOVA.
To examine potential effects of handling birds, we looked at the proportion of body mass that captive Dunlin lost over time by weighing some birds immediately upon capture and then again at the time of release. We tested the relationship between body mass loss and time in captivity (both variables log transformed) using linear regression analysis. Unless otherwise noted, means are given + SD, confidence limits (CL) are 95% CL, and all tests are considered significant at the 0.05 level.
RESULTS
BANDING
AND RESIGHTING SUMMARY
In the fourteen years of this study (1979-1992), 609 first-year (females, n = 177; males, n = 252; unknown sex, n = 180) and 432 adult Dunlin (females, n = 108; males, IZ = 211; unknown sex, n = 113) were color-banded at Bolinas Lagoon. Ten birds that were not aged were not used in the survival analysis. Ninety percent of birds were captured between October-January (October, 14%; November, 45%; December, 18%; January, 13%; February, 6%; March, 3%; April, 1%). Resighting effort varied by year (Table 1, .? = 58 + 35 days, IZ = 10 years), and averaged 12 ? 7 resightings bird* year' .
SURVIVAL ANALYSIS
Goodness-of-fit tests. All components of RE-LEASE (3.Sm, 2.Ct, 2.Cm) were nonsignificant in both first-years (x23 = 4.1, P > 0.25) and adults (xz5 = 6.1, P > 0.25), with the exception of 3.SR (first-years x214 = 92.3, P < 0.001; adults xzl, = 29.1, P < 0.01). The 3.SR transitions were consistently skewed in the same direction (i.e., a bird was more likely to be seen again if it had been seen before). We subsequently pooled females, males and unsexed birds in order to compare first-years with adults (see below), and the 3.SR components were We found no effect of sex on local survival rates, so all Dunlin were pooled. We detected a significant age-dependent effect on local survival (Table 4 , models 5c vs. 3c), so we modelled factors within each age class separately (models 5c-13~). Dunlin banded as first-years and adults had significantly different local survival rates during the year after banding (al, the first ageclass; models 9c vs. 8c, 1Oc vs. 8~). However, age at initial banding had no effect on local sur- Spatial segregation of cohorts of birds and biased resighting efforts can lead to erroneous resighting rates and subsequent conclusions about survival of cohorts (Pradel et al. 1995) . Spatial segregation of first-year and adult birds does exist between microhabitats within Bolinas Lagoon (Wamock 1990). However, within the estuary, it is unlikely that cohorts of Dunlin were differentially resighted. Bolinas Lagoon is not a large estuary and during falling high tides all Dunlin cancentrate at one area within the lagoon and begin feeding as tides recede (Warnock 1990 ). Our resighting efforts centered on these sites and visibility was excellent. Furthermore, as part of ET AL. a separate study, we made an effort to equally sample areas used by first-year birds and areas used by adults (Warnock 1990 (Warnock and Gill 1996) . In some bird populations, pesticides and other contaminants have had a tremendous negative effect. Levels of contaminants have not been found to be high enough to significantly impact Dunlin populations (Warnock and Gill 1996) . Predation, mostly by raptors, appears to be the major source of mortality at breeding and nonbreeding grounds for Dunlin in North America (Wamock and Gill 1996) and in Europe, and this appears to hold true for many other species of shorebirds (Cresswell and Whitfield 1994, Peach et al. 1994). Identifying the critical factors affecting survivorship of shorebirds while implementing well designed mark-recapture studies to obtain rigorous estimates of survival will lead to a better understanding of how and why shorebird populations change spatially and temporally. Overall, these data will improve our ability to conserve shorebird populations worldwide.
